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Description 

Device for Utilization with the Synchronization of Clock 
Signals, as well as Clock Signal Synchronizing Method 

The invention relates to a device for utilization with the 
synchronization of clock signals, in particular a device for 
utilization with the synchronization of a clock signal used 
internally in a memory chip with a clock signal output exter- 
nally into the memory chip, as well as to a clock signal syn- 
chronizing method. 

With semiconductor devices, in particular with memory devices 
such as DRAMS (DRAM = Dynamic Random Access Memory or dynamic 
read-write memory, respectively) - based e.g. on CMOS tech- 
nology -, so-called clock signals are used for the chrono- 
logical coordination of the processing or relaying, respec- 
tively, of the data. 

In the case of conventional semiconductor devices, a single 
clock signal - that is present at a single line - is, in gen- 
eral, used (i.e. a so-called "single-ended" clock signal). 

The data may then be relayed e.g. at the respective rising 
clock edge of the single clock signal (or, alternatively, 
e.g. at the respective falling clock edge of the single clock 
signal ) . 

Furthermore, so called DDR devices, in particular DDR-DRAMs 
(DDR-DRAM = Double Data Rate - DRAM or DRAM with double data 
rate, respectively), are already known in prior art. 



In the case of DDR devices - instead of one single clock sig- 
nal present at a single line ("single-ended" clock signal) - 
two differential, oppositely-inverse clock signals present on 
two separate lines are used. 

Whenever e.g. the first clock signal of the two clock signals 
changes from a state "logic high" (e.g. a high voltage level) 
to a state "logic low" (e.g. a low voltage level), the second 
clock signal changes - substantially simultaneously - its 
state from "logic low" to "logic high" (e.g. from a low to a 
high voltage level) . 

Vice versa, whenever the first clock signal changes from a 
state "logic low" (e.g. a low voltage level) to a state 
"logic high" (e.g. a high voltage level), the second clock 
signal (again substantially simultaneously) changes its state 
from "logic high" to "logic low" (e.g. from a high voltage 
level to a low voltage level) . 

In DDR devices, the data are, in general, relayed both at the 
rising edge of the first clock signal and at the rising edge 
of the second clock signal (or both at the falling edge of 
the first clock signal and at the falling edge of the second 
clock signal, respectively) . 

Thus, relaying of the data in a DDR device is performed more 
frequently or more quickly, respectively (in particular twice 
as frequent or twice as quick, respectively) than with corre- 
sponding, conventional devices with a single or "single- 
ended" clock signal, i.e., the data rate is higher, in par- 
ticular twice as high, as with corresponding, conventional 
devices . 
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The clock signal used - internally - in the device for the 
chronological coordination of the processing or relaying, re- 
spectively, of the data ("DQS" signal or "data strobe" sig- 
nal, respectively) (or - when differential, oppositely-in- 
5 verse clock signals are used - the internal clock signal DQS 
and the clock signal BDQS that is oppositely-inverse to the 
clock signal DQS) must be synchronous to a clock signal 
("CLK" signal or "clock" signal, respectively) input exter- 
nally into the device (or synchronous to the differential 
10 clock signals CLK, BCLK input externally into the device, re- 
spectively) . 

The external clock signal (s) CLK, BCLK is/are generated by an 
appropriate clock signal generator connected with the device. 

15 

For synchronizing the internally generated clock signal DQS 
or the internally generated clock signals DQS, BDQS, respec- 
tively, with the external clock signal (s) CLK, BCLK, a clock 
signal synchronizer, e.g. a DLL circuit (DLL = Delay-Locked- 
20 Loop) is used. Such a circuit is, for instance, known from 
EP 964 517. 

A clock signal synchronizer may, for instance, comprise a 
first delay means into which the external clock signal (s) 
25 CLK, BCLK is/are input, and which charges the input clock 

signal (s) CLK, BCLK - as a function of a control signal out- 
put by a phase comparator - with a variable delay time t va r 
that is adjustable by the control signal. 

30 The signal (s) output by the first delay means may be used - 

internally - in the device for the chronological coordination 
of the processing or relaying, respectively, of the data 
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(i.e. as - internal - clock signal (s) DQS or BDQS, respec- 
tively) . 

The signal DQS output by the first delay means is supplied to 
5 a second delay means that charges the input signal DQS with a 
- fixed - delay time t const corresponding approximately to the 
sum of the signal delays caused by the receiver (s) ("'receiver 
delay"), the respective data path ("data path delay"), and 
the off -chip driver (s) ("OCD delay"). 

10 

The signal output by the second delay means (FB signal or 
"feedback signal", respectively) is supplied to the above- 
mentioned phase comparator; there, the phasing of the FB sig- 
nal is compared to that of the CLK signal that has also been 

15 input into the phase comparator. Depending on whether the 
phase of the FB signal hurries ahead or runs after that of 
the CLK signal, the phase comparator outputs - as a control 
signal for the above-mentioned first delay means - an incre- 
menting signal (INC signal) or a decrementing signal (DEC 

20 signal) , which result in that the delay t var of the CLK signal 
effected by the first delay means is - in the case of an INC 
signal - incremented, or - in the case of a DEC signal - de- 
cremented, so that the CLK signal and the FB signal are fi- 
nally synchronized, i.e. the clock signal synchronizer is 

2 5 "locked". 

For instance, in a first phase (when the positive edge of the 
FB signal (still) runs after the positive edge of the CLK 
signal) , the phase comparator may initially generate an INC 
30 signal resulting in that the delay t var caused by the first 

signal delay means is incremented - relatively strongly -, or 
the phase rate of the FB signal is incremented - relatively 
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strongly - vis-a-vis the phase rate of the CLK signal, re- 
spectively ("coarse adjustment") . 

When the positive edge of the FB signal "overtakes" the posi- 
5 tive edge of the CLK signal, the phase comparator may gener- 
ate a DEC signal resulting in that the delay t va r caused by 
the first delay means is (again) decremented, or the phase 
rate of the FB signal is decremented vis-a-vis the phase rate 
of the CLK signal (namely - for "fine adjustment" - only 
10 relatively slightly) . 

By the initially strong and then relatively weak changes of 
the delays t var or phase shifts, respectively, caused by the 
first signal delay means, a relatively quick synchronization 
15 of the CLK and FB signals can - as a rule - be achieved, i.e. 
the clock signal synchronizer can be "locked", relatively 
quickly. 

However - due to the signal delays occurring in the DLL cir- 
20 cuit - the above-described decrementation of the FB signal 

phase rate caused by the DEC signal vis-a-vis the CLK signal 
phase rate is effected only some clocks (e.g. four clocks) 
after the positive edge of the FB signal has "overtaken" the 
positive edge of the CLK signal. 

25 

This may result in that the FB signal meanwhile hurries ahead 
the CLK signal so far (in particular that e.g. the positive 
edge of the FB signal has "overtaken" the negative edge of 
the CLK signal) that the phase comparator again outputs an 
30 INC signal, etc., etc., so that the CLK and the FB signals 
cannot be synchronized, i.e. the clock signal synchronizer 
cannot be "locked". 



It is therefore an object of the invention to provide a novel 
device for utilization with the synchronization of clock sig- 
nals, and a novel clock signal synchronization method, in 
particular a device and a method with which the described 
disadvantages of previous corresponding devices or methods 
can be eliminated at least in part. 

The invention achieves this and further objects by the sub- 
ject matters of claims 1, 7, and .8. 

Advantageous further developments of the invention are indi- 
cated in the subclaims. 

In accordance with a basic idea of the invention there is 
provided an apparatus for utilization with the 
synchronization of clock signals (CLK) , comprising a delay 
device with a variably controllable delay time (t var ) , into 
which a clock signal (CLK) , or a signal obtained therefrom, 
is input, charged with the variably controllable delay time 
(tvar) , and output as a delayed clock signal (DQS) , 

characterized in that 
a device is provided for determining whether a clock edge 
(A') of the delayed clock signal (DQS) output by the delay 
device, or of a signal (FB) obtained therefrom, lies within a 
predetermined time window before a corresponding clock edge 
(A) of the clock signal (CLK) , or of the signal obtained 
therefrom. 

In the following, the invention will be explained in more de- 
tail by means of embodiments and the enclosed drawing: The 
drawing shows: 
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Fig. 1 a schematic representation of a clock signal 
synchronizer according to an embodiment of the invention; 

Fig. 2 a schematic detailed representation of a control 
5 means used with the clock signal synchronizer in accordance 
with Figure 1 for controlling the clock signal synchronizing 
process; 

Fig. 3 time flowcharts of the FB and CLK signals input 
10 into the control means illustrated in Figure 2, and of the 

control signal (SLOW signal) output by the control means and 
used for controlling the clock signal synchronizing process; 
and 

15 Fig. 4 a schematic detailed representation of the delay 
means used in the control means according to Figure 2 . 

Figure 1 shows a schematic representation of a clock signal 
synchronizer 1 according to an embodiment of the invention. 

20 

It comprises - correspondingly similar to conventional clock 
signal synchronizers - first delay means 2, second delay 
means 3, and a phase comparator 4, as well as - different 
from conventional clock signal synchronizers, and as will be 
25 explained in detail in the following - a specifically de- 
signed control means 5 used for controlling the clock signal 
synchronizing process. 

The clock signal synchronizer 1 may e.g. be provided on a 
30 semiconductor device, in particular a memory device such as a 
DRAM ( DRAM = Dynamic Random Access Memory or dynamic write- 
read memory, respectively) based, for instance, on CMOS tech- 



8 



nology, e.g. a DDR- DRAM ( DDR- DRAM = Double Data Rate - DRAM 
or DRAM with double data rate, respectively) . 

The corresponding semiconductor device comprises an - exter- 
nal - connection (e.g. an appropriate pad or an appropriate 
pin, respectively) at which - for the chronological coordina- 
tion of the processing or relaying, respectively, of the data 
in the semiconductor device - an external clock signal CLK is 
applied by an external clock signal generator. 

Alternatively, the device may comprise an appropriate - fur- 
ther - external connection (e.g. an appropriate further pad 
or an appropriate further pin, respectively) at which a clock 
signal BCLK that is inverse to the above-mentioned clock sig- 
nal CLK is applied (i.e. so-called "differential" clock sig- 
nals CLK, BCLK may be used) . 

Internally in the device, the data may, for instance, be re- 
layed at the respective rising (or, alternatively, e.g. at 
the respective falling) clock edge of the above-mentioned 
clock signal CLK (or - more exactly - of an internal DQS 
clock signal obtained therefrom) , or - when differential 
clock signals CLK and BCLK are used (or - more exactly - dif- 
ferential, internal clock signals DQS and BDQS obtained 
therefrom) - in general both at the rising edge of the CLK 
clock signal and at the rising edge of the BCLK clock signal 
(or both at the rising edge of the DQS signal and at the ris- 
ing edge of the BDQS signal) (or at the falling clock edges 
of the corresponding signals, respectively) ) . 

As is illustrated in Figure 1, the CLK signal - present at 
the corresponding connection of the semiconductor device - 
is, via a line 10 and a line 11 connected thereto, supplied 
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to the first delay means 2 provided in the clock signal syn- 
chronizer 1. 

In the first delay means 2 („delay chain" or „delay line", 
respectively) , the CLK signal is - as a function of a control 
signal INC or DEC, respectively, output by the phase compara- 
tor 4 - charged with a variable delay time t va r that is ad- 
justable by the control signal. 

The signal DQS that is output by the first delay means 2 at a 
line 6a and a line 6b connected thereto, and that is delayed 
vis-a-vis the CLK signal by the above-mentioned variable de- 
lay time t V ar (or, additionally, a signal BDQS that is inverse 
to the signal DQS) may be used - internally - in the device 
for the chronological coordination of the processing or re- 
laying, respectively, of the data (i.e. as - internal - clock 
signal (s) DQS or BDQS, respectively). 

The BDQS signal may, for instance, be generated from the DQS 
signal - by inverting -, or may, for instance, be generated 
separately (e.g. from the BCLK signal, by using a clock sig- 
nal synchronizer corresponding to the clock signal synchro- 
nizer 1 illustrated in Figure 1) . 

As results further from Figure 1, the signal DQS output by 
the first delay means 2 is - via the above-mentioned line 6a 
and a line 6c connected therewith - (additionally also) sup- 
plied to the above-mentioned second delay means 3 ("clock 
tree delay mimic") which charges the input signal DQS with a 
- fixed - delay t CO nst corresponding, for instance, roughly to 
the sum of the signal delays caused by the receiver (s) ("re- 
ceiver delay"), the respective data path ("data path delay"), 
and the off-chip driver(s) ("OCD delay"). 
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The signal (FB signal or "feedback signal", respectively) 
output by the second delay means 3 at a line 7a and delayed 
vis-a-vis the DQS signal by the above-mentioned fixed delay 
5 time t CO nst is, via a line 7b - that is connected with the 

line 7a"-, supplied to a first input of the phase comparator 
4, and via a line 21 - that is also connected with the line 
7a - (and as will be explained in detail in the following) to 
the control means 5 ("slow mode signal generator 7 ') . 

10 

As results further from Figure 1, the CLK signal present at 
the line 10 is - via a line 8 that is connected with the line 
10 - supplied to a (further) input of the phase comparator 4, 
and via a line 22 - that is also connected with the line 10 - 
15 (and as will be explained in detail in the following) to the 
control means 5 ("slow mode signal' generator") . 

In the phase comparator 4 - correspondingly similar to con- 
ventional phase comparators - the phasing of the FB signal - 

20 that is present at the line 7b. and supplied to the first in- 
put of the phase comparator 4 - is compared with that of the 
CLK signal - that is present at the line 8 and supplied to 
the further input of the comparator 4 . Depending on whether 
the phase of the FB signal hurries ahead or runs after that 

25 of the CLK signal, the phase comparator 4 outputs - as a con- 
trol signal for the above-mentioned first delay means 2 - an 
incrementing signal (INC signal) at a control line 9 con- 
nected to the first delay means 2 , or a decrementing signal 
(DEC signal) (e.g. - as INC signal - a "logic high" and - as 

30 DEC signal - a "logic low" signal (or vice versa) , which re- 
sult in that the delay t va r of the CLK signal caused by the 
first signal 'delay means 2 is incremented - in the case of an 
INC signal (cf. e.g. the INC signal illustrated in Figure 3), 



and that the hurrying ahead of the FB signal vis-a-vis the 
CLK signal which decreases in the periods Tl or T2 ("fast 
mode" or "slow mode") (arrows K, L, M) , or - in the case of a 
DEC signal - is decremented, so that, finally, the CLK and 
the FB signals are synchronized, i.e. the clock signal syn- 
chronizer 1 is "locked" (i.e. - as is, for instance, illus- 
trated at the very right in Figure 3 - the CLK signal has a 
positive edge A at the respective same time t a as the FB sig- 
nal (edge A' ) (or the CLK signal has a negative edge B at the 
respective same time t b as the FB signal (edge B' ) ) (period 
T3, "locked mode") ) . 

As long as the positive edge A' of the FB signal hurries 
ahead the positive edge A of the CLK signal (as is, for in- 
stance, illustrated at the left in Figure 3), the phase com- 
parator 4 outputs - as a control signal for the above-men- 
tioned first delay means 2 - an INC signal at the line 9. 
Contrary to this, if the positive edge A' of the FB signal 
"overtakes" the positive edge A of the CLK signal, the phase 
comparator 4 would output - as a control signal for the 
above-mentioned first delay means 2 - a DEC signal at the 
line 9. 

If - in a first phase (period Tl, "fast mode") - the phase 
comparator 4 outputs an INC signal (or, alternatively: a DEC 
signal) , and if (as is, for instance, illustrated at the left 
in Figure 3) the positive edge A' of the FB signal lies out- 
side a predetermined time window that is directly before the 
positive edge A of the CLK signal and lasts for a predeter- 
mined, constant duration At (illustrated in hatching in Fig- 
ure 3) - i.e. if "the positive edge A' of the FB signal occurs 
e.g. at a point in time tl that lies longer than the above- 
mentioned duration At before the point in time t2 at which 
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the positive edge A of the CLK signal occurs (i.e. if there 
applies t2 - At > tl) the delay t var caused by the first 

signal delay means 2 is incremented (or decremented) in rela- 
tively large time steps, i.e. relatively strongly (i.e. in 
respective coarse steps, e.g. by a respective "coarse unit 
delay" t c ) , or the phase rate of the FB signal is - rela- 
tively strongly - incremented (or decremented) vis-a-vis the 
phase rate of the CLK signal ("coarse adjustment") . 

If - in a second phase (period T2, ''slow mode") - the phase 
comparator 4 outputs an INC signal (or a DEC signal) , and if 
(as is, for instance, illustrated further to the right in 
Figure 3) the positive edge A' of the FB signal lies within 
the above-mentioned predetermined time window that is di- 
rectly before the positive edge A of the CLK signal and lasts 
for the above-mentioned, constant duration At (illustrated in 
hatching in Figure 3) - i.e. if the positive edge A' of the 
FB signal occurs at a point in time tl that lies shorter than 
the above-mentioned duration At before the point in time t2 
at which the positive edge A of the CLK signal occurs (i.e. 
if there applies t2 - At < tl) -, the delay t var caused by the 
first signal delay means 2 is incremented (or- decremented) in 
relatively small time steps, i.e. relatively weakly (i.e. in 
respective fine steps, e.g. by a respective "fine unit delay" 
t f ), or the phase rate of the FB signal is - relatively 
weakly - incremented (or decremented) vis-a-vis the phase 
rate of the CLK signal ("fine adjustment") . 

A "coarse unit delay" t c may be by a certain factor (e.g. be- 
tween three and twenty times, for instance, four, eight, or 
sixteen times) greater than a "fine unit delay" t f (i.e. 
there may, for instance, apply: t c = 4 t f , or e.g. t c = 8 t f , 
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Whether the delay t var caused by the first signal delay means 
2 is incremented (or decremented) in relatively small time 
steps, i.e. relatively weakly (i.e. in respective fine steps, 
5 e.g. by the respective above-mentioned "fine unit delay" t f ) 
- i.e. the system is in the above-mentioned "slow mode" -, or 
whether the delay t var caused by the first signal delay means 
2 is incremented (or decremented) in relatively large time 
steps, i.e. relatively strongly (i.e. in respective coarse 
10 steps, e.g. by the respective above-mentioned "coarse unit 

delay" t c ) - i.e. the system is in the above-mentioned "fast 
mode" -, is - as will be explained in more detail in the fol- 
lowing - determined by the above-mentioned control means 5. 

15 If the above-mentioned control means 5 determines that the 

system is in the "fast mode" (i.e. if the control means 5 de- 
termines that the positive edge A' of the FB signal lies out- 
side the predetermined time window that is directly before 
the positive edge A of the CLK signal), the control means 5 

20 outputs a "logic low" control signal and supplies same - via 
a line 29a - to the first signal delay means 2 (which then - 
as explained above - increments (or decrements) the delay 
time tvar caused by it in relatively large time steps, i.e. 
relatively strongly) . 

25 

If, contrary to this, the above-mentioned control means 5 de- 
termines that the system is in the "slow mode" (i.e. if the 
control means 5 determines that the positive edge A' of the 
FB signal lies within the predetermined time window that is 
30 directly before the positive edge A of the CLK signal), the 
control means 5 outputs a "logic high" control signal (SLOW 
signal) and supplies same - via the above-mentioned line 2 9a 
- to the first signal delay means 2 (which then - as ex- 



plained above - increments (or decrements) the delay time t var 
caused by it in relatively small time steps, i.e. relatively 
weakly, only. 

The duration At of the time window may e.g. be a multiple of 
the above-mentioned "coarse unit delay" t c , e.g. between the 
two- and sixteen-fold of the above-mentioned "coarse unit de- 
lay" t c (in the present embodiment in particular - and, as 
will be explained in more detail in the following, depending 
on the frequency of the CLK signal - either the two-fold or 
the four-fold of the above-mentioned "coarse unit delay" t c ) . 

Figure 2 shows a schematic detailed representation of the 
control means 5 used in the clock signal synchronizer 1 ac- 
cording to Figure 1 for controlling the clock signal synchro- 
nizing process. 

As results from Figure 2, the control means 5 comprises a 
fist and a second - appropriately switched - RS-flip-flop 
12a, 12b, a - further - flip-flop 12c, delay means 13, a NAND 
gate 14a, an OR gate 14b, a latch 15, and two inverters 16a, 
16b. 

The first RS-flip-flop 12a comprises two NAND gates 17a, 17b 
(here: two 2 -NAND gates 17a, 17b), and the second RS-flip- 
flop 12b two NAND gates 18a, 18b (here: two 2 -NAND gates 18a, 
18b) . 

A first input of the first NAND gate 17a of the first RS- 
flip-flop 12a is - via a line 20a - connected with the above- 
mentioned line 21 via which the above-mentioned FB signal is 
input into the control means 5. 
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The output of the first NAND gate 17a of the first RS-flip- 
flop 12a is - via a line 20b and a line 20c connected 
therewith - fed back to a first input of the second NAND gate 
17b of the first RS-flip-flop 12a (so that a signal (AO sig- 
5 nal) output at the output of the first NAND gate 17a of the 
first RS-flip-flop 12a is supplied to the first input of the 
second NAND gate 17b of the first RS-flip-flop 12a) . 

Furthermore, a second input of the second NAND gate 17b of 
10 the first RS-flip-flop 12a is - via a line 20d - connected to 
the above-mentioned line 22 via which the above-mentioned CLK 
signal is input into the control means 5. 

The output of the second NAND gate 17b of the first RS-flip- 
15 flop 12a is - via a line 20e and a line 20f connected 

therewith - fed back to a second input of the first NAND gate 
17a of the first RS-flip-flop 12a (so that a signal output at 
the output of the second NAND gate 17b of the first RS-flip- 
flop 12a is supplied to the second input of the first NAND 
20 gate 17a of the first RS-flip-flop 12a) . 

As results further from Figure 2, a first input of the first 
NAND gate 18a of the second RS-flip-flop 12b is - via a line 
20g - connected with the above-mentioned line 22 via which 
25 the above-mentioned CLK signal is input into the control 
means 5. 

The output of the first NAND gate 18a of the second RS-flip- 
flop 12b is - via a line 20h and a line 20i connected 
30 therewith - fed back to a first input of the second NAND gate 
18b of the second RS-flip-flop 12b (so that a signal (Al sig- 
nal) output at the output of the first NAND gate 18a of the 
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second RS-flip-flop 12b is supplied to the first input of the 
second NAND gate 18b of the second RS-flip-flop 12b) . 

Furthermore, a second input of the second NAND gate 18b of 
5 the second RS-flip-flop 12b is - via a line 20k - connected 
with an output of the above-mentioned delay means 13 whose 
input is - via a line 201 - connected with the above-men- 
tioned line 21 (so that a signal FBdel that is correspond- 
ingly delayed - by the delay means 13 - vis-a-vis the FB sig- 
10 nal present at the line 21 is applied to the second input of 
the second NAND gate 18b of the second RS-flip-flop 12b) . 

The output of the second NAND gate 18b of the second RS-flip- 
flop 12b is - via a line 20m and a line 20n connected 
15 therewith - fed back to a second input of the first NAND gate 
18a of the second RS-flip-flop 12b (so that a signal output 
at the output of the second NAND gate 18b of the second RS- 
flip-flop 12b is supplied to the second input of the first 
NAND gate 18a of the second RS-flip-flop 12b) . 

20 

As results further from Figure 2, the signal output at the 
• output of the second NAND gate 18b of the second RS-flip-flop 
12b is - via the above-mentioned line 20m and a line 23a con- 
nected therewith - additionally also supplied to a second in- 
25 put of the NAND gate 14a. 

Correspondingly similar, the signal output at the output of 
the second NAND gate 17b of the first RS-flip-flop 12a is 
(except - via the lines 20e, 20f - to the second input of the 
30 first NAND gate 17a of the first RS-flip-flop 12a) addition- 
ally also supplied to a first input of the NAND gate 14a via 
the above-mentioned line 20e and a line 23b connected 
therewith. 



Thus, it is achieved that the load present at the output of 
the second NAND gate 17b of the first RS-flip-flop 12a and at 
the output of the second NAND gate 18b of the second RS-flip- 
flop 12b (which is i.a. formed by the NAND gate 14a) is sub- 
stantially as large as the load present at the output of the 
first NAND gate 17a of the first RS-flip-flop 12 and at the 
output of the first NAND gate 18a of the second RS-flip-flop 
12b (which is i.a. formed by the OR gate 14b). 

As results further from Figure 2, the signal (AO signal) out- 
put at the output of the first NAND gate 17a of the first RS- 
flip-flop 12a is (except - via the above-mentioned lines 20b, 
20c - to the first input of the second NAND gate 17b of the 
first RS-flip-flop 12a) additionally also supplied to a first 
input of the OR gate 14b via the above-mentioned line 20b and 
a line 23d connected therewith. 

Correspondingly similar, the signal (Al signal) output at the 
output of the first NAND gate 18a of the second RS-flip-flop 
12b is (except - via the above-mentioned lines 20h, 20i - to 
the first input of the second NAND gate 18b of the second RS- 
flip-flop 12b) additionally also supplied to a second input 
of the OR gate 14b via the above-mentioned line 20h and a 
line 23c connected therewith. 

The output of the OR gate 14b is connected via a line 24 with 
the above-mentioned (third) flip-flop 12c of the control 
means 5 (namely with a third input of a NAND gate 19b (here: 
a 3 -NAND gate 19b) of the flip-flop 12c) . 
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As results further from Figure 2, the flip-flop 12c comprises 
- in addition to the NAND gate 19b - a further NAND gate 19a 
(here: a 2 -NAND gate 19a). 

In accordance with Figure 2, an input of the above-mentioned 
(first) inverter 16a is - via a line 25 - connected with the 
above-mentioned line 22 via which - as has already been men- 
tioned above - the CLK signal is input into the control means 
5. 

An output of the (first) inverter 16a is - via a line 26a and 
a line 26b connected therewith - connected to an input of the 
(second) inverter 16b. 

Furthermore, an output of the (second) inverter 16b is - via 
a line 27 - connected to a first input of the first NAND gate 
19a of the third flip-flop 12c of the control means 5 (so 
that a signal (clklth signal) output at the output of the 
second inverter 16b is supplied to the first input of the 
first NAND gate 19a of the third flip-flop 12c) . 

The output of the first NAND gate 19a of the third flip-flop 
12c is - via a line 28a - fed back to a first input of the 
second NAND gate 19b of the third flip-flop 12c (so that a 
signal output at the output of the first NAND gate 19a of the 
flip-flop 12c is supplied to the first input of the second 
NAND gate 19b of the flip-flop 12c) . 

Correspondingly conversely, the output of the second NAND 
gate 19b of the flip-flop 12c is - via a line 28b and a line 
28c connected therewith - fed back to a second input of the 
first NAND gate 19a of the flip-flop 12c (so that a signal 
(OUT signal) output at the output of the second NAND gate 19b 
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of the flip-flop 12c is supplied to the second input of the 
first NAND gate 19b of the flip-flop 12c) . 

A second input of the second NAND gate 19b of the flip-flop 
5 12c is - via a line 28d - connected to a line 29b that is 
connected with a first (inverse) output of the latch 15. 

A (data) input of the latch 15 is, via a line 28e and the 
line 28b connected therewith, connected to the output of the 
10 second NAND gate 19b of the flip-flop 12c (so that the OUT 
signal output at the output of the second NAND gate 19b of 
the flip-flop 12c is supplied to the above-mentioned (data) 
input of the latch 15) . 

15 As results further from Figure 2, the output of the (first) 

inverter 16a is - via the above-mentioned line 26a and a line 
28f connected therewith - connected to the one (inverse) 
(clock) input of the latch 15. 

20 The (second, non-inverse) output of the latch 15 is connected 
to the line 29a - which has already been mentioned above 
and the (first, inverse) output of the latch 15 is connected 
to the above-mentioned line 29b (so that the (control) signal 
(SLOW ' signal) output at the second, non-inverse output of the 

25 latch 15 is - as results from Figure 1 - supplied to the 

first delay means 2 of the clock signal synchronizer 1 via 
the above-mentioned line 29a and - as results from Figure 2 
and has already been explained above - the signal /SLOW that 
is inverse to the SLOW signal - via the line 28d - to the 

30 second input of the second NAND gate 19b of the third flip- 
flop 12c) . 



Fig. 4 shows a schematic detailed representation of the delay 
means 13 used in the control means 5 according to Figure 2. 
It comprises e.g. - in a first signal path P - four delay 
elements 13a, 13b, 13c, 13d, and - in a second signal path Q 
- two delay elements 13e, 13f. 

Each of the delay elements 13a, 13b, 13c, 13d, 13e, 13f 
causes a delay of the respectively input signal by the above- 
mentioned "coarse unit delay" t c - that has already been ex- 
plained with respect to the above-mentioned first delay means 
2 - (wherein, in the first delay means 2 of the clock signal 
synchronizer 1 shown in Figure 1, correspondingly identical 
delay elements are used as in the delay means 13 of the con- 
trol means 5 illustrated in Figures 2 and 4) . 

Depending on whether the frequency (that is, for instance, 
determined by an appropriate frequency determination means) 
of the CLK signal lies above or below a predetermined thresh- 
old value S, corresponding switches 33a, 33b provided in the 
delay means 13 are correspondingly - automatically (and, for 
instance, controlled by the above-mentioned frequency deter- 
mination means) - opened or closed (so that - at a relatively 
low frequency of the CLK signal - the signal input into the 
delay means 13 is, e.g. by the four delay elements 13a, 13b, 
13c, 13d (i.e. relatively strongly) delayed (signal path P 
(or switch 33a) closed, and signal path Q (or switch 33b) 
open) ) , and - at a relatively high frequency of the CLK sig- 
nal - the signal input into the delay means 13 is delayed 
merely by the two delay elements 13e, 13f (i.e. is delayed 
relatively weakly) (signal path P (or switch 33a) open, and 
signal path Q (or switch 33b) closed) ) . 
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The above-mentioned threshold value S for the frequency may, 
for instance, range between 100 MHz and 1000 MHz, e.g. at 
250 MHz. 

5 In other words, the "width" or the above-mentioned duration 
At of the time window illustrated (in hatching) in Figure 3 
and being directly before the positive edge A of the CLK sig- 
nal may thus be changed - independently of the frequency - by 
the switches 33a, 33b. 

10 

If - as illustrated in Figure 3 e.g. at an initial point in 
time t 0 - both the CLK and the FB signals are in a "logic 
low" state, the first RS-flip-flop 12a (or its first NAND 
gate 17a, respectively) outputs - as results from Figure 2 - 
15 a "logic high" signal ("AO signal") at the above-mentioned 
line 23d. 

Correspondingly similar - as also results from Figure 2 - the 
second RS-flip-flop 12b (or its first NAND gate 18a, respec- 
20 tively) outputs a "logic high" signal ("Al signal") at the 
corresponding line 23c - the signal ("DO" signal) output by 
the OR gate 14b at the line 24 is then - also - "logic high". 

The signal ("DO" signal) output by the OR gate 14b at the 
25 line 24 only becomes "logic low" if both the AO signal output 
by the first RS-flip-flop 12a at the above-mentioned line 23d 
and the Al signal output by the second RS-flip-flop 12b at 
the corresponding line 23c are "logic low". A "logic low" DO 
signal indicates that the "slow mode" is to be changed to. 

30 

This is only the case (i.e. the DO signal only becomes "logic 
'low") if - as will be explained in the following - the posi- 
tive edge A' of the FB signal - as is, for instance, illus- 
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trated at the right in Figure 3 - lies within the above-men- 
tioned time window that is directly before the positive edge 
A f the CLK signal and lasts for the above-mentioned duration 
At (illustrated in hatching in Figure 3) - i.e. the positive 
edge A' of the FB signal occurs, for instance, at a point in 
time tl that is shorter than the above-mentioned duration At 
before the point in time t2 at which the positive edge A of 
the CLK signal occurs. 

Otherwise (i.e. if the positive edge A' of the FB signal - as 
is, for instance, illustrated at the left in Figure 3 - lies 
outside the above-mentioned time window) , the signal (AO sig- 
nal) output by the first RS-flip-flop 12a at the above-men- 
tioned line 23d indeed changes its state to "logic low" - af- 
ter a positive edge A' of the FB signal and a subsequent 
positive edge A of the CLK signal. 

However - after a positive edge A' of the FB signal and a 
subsequent positive edge A of the CLK signal - the signal (Al 
signal) output by the second RS-flip-flop 12b at the above- 
mentioned line 23c remains in a state "logic high" (since - 
despite the delay of the FB signal by the above-mentioned du- 
ration At caused by the delay means 13 - a "logic high" sig- 
nal is present at the second RS-flip-flop 12 initially at the 
second input of the second NAND gate 18b and only subse- 
quently at the first input of the first NAND gate 18a (and 
not in the opposite order) (so that the "logic low" signal - 
that is initially output at the output of the second NAND 
gate 18b and is supplied to the second input of the first 
NAND gate 18a - "blocks" the first NAND gate 18a (i.e. out- 
puts a "logic high" signal at the line 23c even if the CLK 
signal then changes its state to "logic high"))). 



If, contrary to this, the positive edge A' of the FB signal 
lies - as is e.g. illustrated at the right in Figure 3 - 
within the above-mentioned time window that is directly be- 
fore the positive edge A of the CLK signal and lasts for the 
above-mentioned duration At, the signal (Al signal) output by 
the second RS-flip-flop 12b at the above-mentioned line 23c 
changes - after a positive edge A' of the FB signal and a 
subsequent positive edge A of the CLK signal - its state - 
corresponding to the signal AO output by the first RS-flip- 
flop 12a at the line 23d - to "logic low" (since - by the de- 
lay of the FB signal by the above-mentioned duration At 
caused by the delay means 13 (and the relatively short time 
distance between the edges A' and A) - a "logic high" signal 
is present at the second RS-flip-flop 12b initially at the 
first input of the first NAND gate 18a and only subsequently 
at the second input of the second NAND gate 18b (so that by 
the "logic high" signal that is then present at the first in- 
put of the first NAND gate 18a and the - also - "logic high" 
signal that is present at the second input of the first NAND 
gate 18a, a "logic low" Al signal is then output at the out- 
put of the first NAND gate 18a (and thus at the above-men- 
tioned line 23c) . 

By the above-mentioned (third) flip-flop 12c - following the 
RS-f lip-flops 12a, 12b -, or the latch 15, respectively, the 
then "logic low" DO signal (slow mode determination signal) 
output by the OR gate 14b is synchronized with the system 
clock (CLK signal) . 

Only if the signal ("DO" signal) output by the OR gate 14b at 
the line 24 and input into the NAND gate 19b of the third 
flip-flop 12c becomes "logic low" (i.e. if the "slow mode" is 
to be changed to) , the OUT signal output by the NAND gate 19b 
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at the lines 28b, 28e can - with corresponding clock edges of 
the CLK signal or (more exactly) of the clklth signal ob- 
tained therefrom - become "logic high" and be transmitted to 
the line 29a by the latch 15 as "logic high" control signal 
5 SLOW . 

If the SLOW signal present at the line 29a becomes "logic 
high" - and consequently the signal /SLOW present a the line 
29b and inverse to the SLOW signal becomes logic low -, this 

10 "logic low" signal is - via the line 28d - supplied to the 

(second) input of the NAND gate 19b of the flip-flop 12c, and 
thus it is ensured that the NAND gate 19b is - irrespective 
of a possible later change of state of the DO signal present 
at the third input of the NAND gate 19b - kept in the present 

15 state, so that the system - once it has been detected that 

the positive edge A' of the FB signal lies within the above- 
mentioned time window that is directly before the positive 
edge A of the CLK signal and lasts for the above-mentioned 
duration At - remains in the "slow mode" state (until a reset 

20 is performed) . 

Advantageously, the above-mentioned delay means 2, 3 of the 
clock signal synchronizer 1 and/or the control means 5 are - 
e.g. by an appropriate choice of the above-mentioned delays 

25 caused by the means 2, 3 or the means 13 provided in the de- 
vice 5 - equipped and designed such that it is avoided that 
the positive edge A' of the FB signal can - e.g. starting out 
from the state illustrated at the left in Figure 3 - overtake 
the positive edge A of the CLK signal, or alternatively: 

30 overtake it too far. 

Thus, it is ensured that a quick and safe synchronization of 
the CLK and FB signals is achieved, i.e. that the clock sig- 
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nal synchronizer 1 is adapted to be quickly and safely 
"locked" or placed in the "locked mode", respectively. 
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List of Reference Signs 





1 


clock signal synchronizer 




2 


first delay means 


5 


3 


second delay means 




4 


phase comparator 




5 


control means 




6a 


line 




6b 


line 


10 


6c 


line 




7a 


line 




7b 


line 




8 


line 




9 


line 


15 


10 


line 




11 


line 




12a 


RS-f lip-flop 




12b 


RS-f lip-flop 




12c 


flip-flop 


20 


13 


delay means 




13a 


delay element 




13b 


delay element 




13c 


delay element 




13d 


delay element 


25 


13e 


delay element 




13f 


delay element 




14a 


NAND gate 




14b 


OR gate 




15 


latch 


30 


16a 


inverter 




16b 


inverter 




17a 


NAND gate 




17b 


NAND gate 
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18a 


NAND 


gate 




18b 


NAND 


gate 




19a 


NAND 


gate 




19b 


NAND 


gate 


5 


20a 


line 






20b 


line 






20c 


line 






20d 


line 






20e 


line 




10 


20f 


line 






20g 


line 






20h 


line 






20i 


line 






20k 


line 




15 


201 


line 






20m 


line 






20n 


line 






21 


line 






22 


line 




20 


23a 


line 






23b 


line 






23c 


line 






23d 


line 






24 


line 




25 


25 


line 






26a 


line 






26b 


line 






27 


line 






28a 


line 




30 


28b 


line 






28c 


line 






28d 


line 






28e 


line 





28f line 

29a line 

29b line 

33a switch 

33b switch 



